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(54) Display device 

(57) The invention provides a display device which 
is capable of adjusting the Image refresh rate to an op- 
timal value regardless of the type of image data, and 
thus has low power consumption. The display device In- 
cludes a liquid crystal panel for displaying images, a liq- 
uid crystal controller for refreshing images displayed in 
the liquid crystal panel according to an image data sig- 
nal, and a CPU for inputting the image data signal to the 



liquid crystal controller. In the display device, the CPU 
has a discrimination section for discriminating whether 
the image data Is a moving image or a still Image based 
on an input Interval of the Image data from the CPU to 
the liquid crystal controller, and the liquid crystal control- 
ler has an image refresh demand signal generation cir- 
cuit forchanojng the image refresh rate of the liquid crys- 
tal panel based on the result of discrimination by the 
CPU. 
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Description 

■ 

FIELD OF THE INVENTION 

[OOOI] The present Invention relates to a display de- 
vice which is equipped with a capacitive display ele- 
ment, such as a liquid crystal display element, and in 
particular to a display device which is capable of varying 
its image refresh intervals of the capaciiive display ele- 
ment so as to reduce power consumption. 

BACKGROUND OF THE INVENTION 

[0002] In recant years, a liquid crystal display element 
is used in various fields as a display element for display- 
ing images. The liquid crystal display element is mainly 
used for portable electronic devices, and for this type of 
devices, the major demand is to further reduce power 
consumption. 

[0O03] Meanwhile, portable electronic devices, espe- 
cially a mobile phone, are now more often used fortrans- 
mitting data having large volume of information such as 
moving image data at high speed, with the development 
of communication technology. The image refresh fre- 
quency (refresh rate; the number of refreshes of a dis- 
played image In unit time) tends to increase in the liquid 
crystal display element which Is used for a mobile phone 
so as to process such a large volume of information. 
This tendency Is especially remarkable in the case of 
displaying a moving image. On the other hand, in the 
case of displaying a still image, it is not necessary to 
refresh images at a frequency as high as that when dis- 
playing a moving image. This Is because a display ele- 
ment (a capacitive display element), which is made up 
of capacitive pixels such as a liquid crystal display ele- 
ment, is capable of holding a displayed state (display 
image) for a certain period of time once the image is 
refreshed by externally receiving image data of a pixel 
unit so that it is not required to refresh images . Note 
that, the time period of holding the displayed state differs 
depending on the characteristic of the capacitive display 
element 

[0004] Here, as an example of a conventional display 
device, the following will explain a display device having 
a liquid crystal panel 1 03 as a display element, with ref- 
erence to the block diagram of Figure 7. 
[0005] As shown In Figure 7, the conventional display 
device includes a liquid crystal controller 102. and the 
liquid crystal panel 1 03 as a display element. The liquid 
crystal controller 102 includes a display memory 104, a 
signal synchronization circuit 1 05, a display timing gen- 
eration circuit 1 06, and a data bus 1 07. 
[0006] An image data signal S101 which is outputted 
from an external device such as a CPU is stored in the 
display memory 104 in the liquid crystal controller 1 02 
via the data bus 107 of the liquid controller 102. The 
image data signal S101 which is stored in the display 
memory 1 04 is read out therefrom as an image data sig- 



nal S1 03. and then is sent to the signal synchronization 
circuit 105. 

[0007] Meanwhile, a clock signal CK101 is externally 
inputted to the display timing generation circuit 1 06 of 

s the liquid crystal controller 102. The display timing gen- 
eration circuiL 1 06, according to the clock signal CK1 01 , 
generates a display signal S105 for driving the liquid 
crystal panel 103, and a synchronization clock signal 
CK1 02 for synchronizing the image data signal S1 03 

10 with the display signal S105. The display timing gener- 
ation circuit 1 06 respectively outputs the display signal 
S1 05 to the liquid crystal panel 1 03, and the synchronic 
zatlon clock signal CK102 to the signal synchronization 
circuit 105. The signal synchronization circuit 105 buff- 
ersthe image data signals 103 read out from the display 
memory 104, and outputs the image data signal Si 03 
to the liquid crystal panel 1 03 as an image signal £1 04, 
according to the synchronization clock signal CK102 
outputted from the display timing generation circuit 1 06. 

20 [0006] In the foregoing conventional display device, 
the refresh rate of the liquid crystal panel 103 corre- 
sponds to the rate of reading out image data from the 
display memory 1 04 and sending the image data to the 
liquid crystal panel 1 03 as the image data signal S1 03, 

25 namely, it is the value indicating how many times image 
signals of one frame (a screen) are sent out from the 
display memory 104 to the liquid crystal panel 103 in 
unit time. 

[0009] Further, in the foregoing conventional display 
so device, the image refresh frequency (refresh intervals) 
of the liquid crystal panel 1 03 can be adjusted by varying 
the frequency of the clock: signal CK101 so as to vary 
the frequency of the display signal S105 which is out- 
putted from the display timing generation circuit 106 of 
35 the liquid crystal controller 1 02 to the liquid crystal panel 
103, and the frequency of the Image signal SI 04 which 
is outputted from the signal synchronization circuit 105 
to the liquid crystal panel 103. 

[001 0] However, in the foregoing conventional display 
40 device, the image refresh frequency of the liquid crystal 
panel 1 03 is constant regardless of whether the image 
data 6ignal S101 is carrying a moving image or a still 
image, thereby causing the following problems. 
[0011] Referring to d normal image refresh intervals" 
4S shown in Figure 8, the image refresh frequency of the 
liquid crystal panel 103 Is commonly set to a relatively 
high frequency, for example, 60Hz, which is equal to a 
frame frequency of a video signal in the NTSC mode, to 
be suitable for displaying a moving Image. In this case, 
so even when a still image is displayed, the image is re- 
freshed in the refresh frequency as high as that when 
displaying a moving image. 

[0012] On the other hand, In the liquid crystal panel 
103, the displayed images are not required to be re- 
ss freshed at a high frequency when displaying a still image 
compared to the case of displaying a moving image. 
This is because, as already explained, the capacitive 
display element such as the liquid crystal panel 1 03 can 
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hold a displayed state (displayed (mage) for a certain 
period of time once the image is refreshed, and, when 
displaying a still image, It Is not necessary to refresh the 
image while the displayed Image is held. Therefore, in 
the foregoing conventional liquid crystal display device, 
the image refresh Frequency for displaying a still image 
is higher lhan required. 

[0013] Thus refreshing images at a frequency higher 
than required when displaying a still Image causes un- 
necessary power consumption, since the power con- 
sumption of the liquid crystal panel 1 03 increases as the 
image refresh frequency increasos. Namely, in general, 
when displaying images in the liquid crystal panel 103, 
power consumption P, which is the power consumed for 
displaying images in.the liquid crystal panel 103, is de- 
noted by the following equation: 

PsCXFx V 2 

where C represents a capacitance of the liquid crystal 
panel 103, F represents a polarity reversing frequency 
of scanning voltage which is applied to the liquid crystal 
panel 103, and V represents a voltage applied to the 
liquid crystal panel 103. The polarity of the scanning 
voltage is reversed for a specified number of times (the 
number depends on the mode of driving) In one frame 
period. Accordingly, the polarity reversing frequency of 
scanning voltage varies dependingonthe image refresh 
frequency for the displayed image. Consequently, the 
power consumption of the liquid crystal panel 103 in- 
creases as the image refresh frequency for the dis- 
played image increases, In other words, as the number 
of refreshes of the displayed image increases. 
[0014] As a resuU, when the Image refresh Frequency 
of the liquid crystal panel 1 03 is set to a frequency cor- 
responding to the frame frequency of a moving image, 
the liquid crystal panel 103 consumes unnecessary 
power when displaying a still image, and the power con- 
sumption of the display device increased. This poses a 
problem especially for a battery-powered display device 
such as a display device used for a mobile phone whose 
power-consumption is expressly required to be reduced. 
[0015] Further, in orderto reduce the powerconsump- 
tlon, the number of image refreshes, i.e., the image re- 
fresh frequency may be reduced by extending a period 
of the clock signal CK101 . However, referring to "a con- 
ventional technique for lowering power consumption 
shown in Figure 8, if the image refresh interval is 
matched with the frame period of a moving image, a still 
image is also refreshed at a frequency higher than re- 
quired. Thus, it is not possible to reduce the power con- 
sumption for displaying a still Image. Further, the image 
refresh interval may be reduced to be shorter than the 
frame period of a moving image; however, it may impair 
smoothness of the movement of the moving image. 
[0016] Further, in Japanese Unexamined Patent Pub- 
lication No, 2000-221923 (published on August 11, 



2000), a liquid crystal display device capable of chang- 
ing the image refresh frequency (refresh rate) based on 
time information (time reference) whioh is included in ex- 
ternally Inputted image data, is disclosed. Further, a liq- 

s uid crystal display device capable of reducing the image 
refresh frequency (extending the refresh interval) in ihe 
case where image dala does not include a Lextual im- 
age, is also disclosed in this publication. 
[0017] However, the former Invention of the foregoing 

io publication Is based on time information included in im- 
age data having a particular data structure called 
MPEG-4 format, and it is not applicablo to image data 
which does not have the time Information. This time in- 
formation is included in compressed image data for »n- 

15 Seating a timing to display a frame In MPEG-4 format 
whioh performs data compression by thinning out some 
frame. Thus, the time information is only Included in im- 
age data of M PEG-4 format and not included in common 
image data. Accordingly, the former invention of the 

20 foregoing publication have a drawback that it is applica- 
ble only to the compressed image data of MPEG-4 for- 
mat, and nor applicable to other kinds of image data. 
[0018] Note that, image data commonly assumed is 
color signals of R, G and B which are expressed by dig- 
ital signals, and each pixel has values for R, G and B. 
For example, in the case of image data of 1 6 bits, R, G 
and B are respectively expressed by S bits, 6 bits and 5 
bits. 

[0019] Further, in the latter invention of the foregoing 
30 publication, in the case where the image data is moving 
image data which does not Include a textual image, or 
still image data including a textual image, there arises 
the following problems. Firstly, in this Invention, when 
the moving Image data which does not Include a textual 
^5 image is inputted, the image refresh frequency becomes 
lower than the intended frame frequency (a frame fre- 
quency for the inputted moving image data), and 
smoothness of the movement of the moving image is 
impaired. Secondly, when the still image data including 
40 a textual image is inputted, the image refresh frequency 
becomes higher than required, thereby causing unnec- 
essary power consumption. 

SUMMARY OF THE INVENTION 

45 

[0020] It is an object of the present invention to pro- 
vide a display device capable of adjusting an image re- 
fresh rate to an optimal value regardless of the type of 
image data so as to reduce power consumption. 
so [0021] In orderto attain the foregoing object, a display 
device according to the present invention includes: 

a capacitive display element which displays an im- 
age; 

55 a display control section which refreshes an image 
displayed in the capacitive display element accord- 
ing to image data; 

an image data input section which inputs the image 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0026] 

s Figure 1 is a block diagram schematically showing 
an arrangement of a display device according to an 
embodiment of the present, invention. 
Figure 2 is a block diagram schematically showing 
an arrangement of an image refresh demand signal 

10 generation circuit Included in the display device. 

Figure 3 is a diagram showing a variation of the 
number of frames (number of refreshes) of an im- 
age signal in the display device. 
Figure 4 is a drawing showing a plurality of wave- 

15 forms adopted for the display device. 

Figure 5 is a block diagram schematically showing 
an arrangement of an image refresh demand signal 
generation circuit included in a display device ac- 
cording to another embodiment of the present in- 

20 vention. 

Figure 6 is a diagram showing a variation of the 
number of frames (number of refreshes) of an im- 
age signal in the display device of Figure 5. 
Figure 7 Is a block diagram schematically showing 
an arrangement of a conventional display device. 
Figure 8 is a diagram showing a variation of the 
number of frames (number of refreshes) of an im- 
age signal in the conventional display device. 

30 DESCRIPTION OF THE EMBODIMENTS 



data to the display control section; 
a discrimination section which discriminates a type 
of the Image data (especially, the image data is a 
still image or a moving image) based on an input 
interval of the image data from the image data input 
section Lo Lhe display control section; and 
a refresh rate control section which changes an im- 
age refresh rate of the image in the capacitive dis- 
play element, according to a result of discrimination 
by the discrimination section. 

[0022] In the foregoing arrangement, the input of the 
image data from the image data input section to the dis- 
play control section is performed in a relatively short pe- 
riod of time, for example, 1/20 to 1/15 second in the case 
of a moving image. On the other hand it is performed 
only once in the case of a still image. In the foregoing 
arrangement, the type of image data is discriminated ac- 
cording to a difference of input interval of the image data 
from the image data input section to the display control 
section, which differs depending on the type of The im- 
age data. Consequently, ft becomes possible to discrim- 
inate the type of the image data even when time infor- 
mation Is not included in the image data. 
[0023] With the foregoing arrangement, it is therefore 
possible to adjust the number of image refreshes in unit 
time (image refresh rate) in the capacitive display ele- 
ment to an optimal value according to the type of image 
data, without depending on the image data. Namely, it 
is possible to adjust an image refresh interval (image 
refresh timing) in the capacitive display element, to an 
optimal value according to the type of image data, with- 
out depending on the image data. Thus, unnecessary 
image refresh operations, especially in the case of dis- 
playing a still image, can be prevented, thereby reducing 
power for driving the capacitive display element As a 
result, it becomes possible to provide a display device 
capable of reducing power consumption regardless of 
the type of image data. 

[0024] Note that, In the present invention, "refreshing 
an image 11 refers to sending out an image signal of one 
frame to a capacitive display element, such as a liquid 
crystal display element, and applying a driving voltage 
to the pixels of the capacitive display element. Accord- 
ingly, lhe number of image refreshes" corresponds to 
the number of times the image signal of one frame is 
sent out to the capacitive display element. Further, 
"frame" refers to an image signal (image data) of one 
screen. Further, "frame frequency" indicates the number 
of transferred frames per second when the image data 
is transferred, and "frame period" indicates a transfer 
period of frame when the image data is transferred. 
[0025] Additional objects, features, and strengths of 
the present invention will be made clear by the descrip- 
tion below. Further, the advantages of the present in- 
vention will be evident from the following explanation In 
reference to the drawings. 



[FIRST EMBODIMENT] 

[0027] The following will explain one embodiment of 
3s the present invention with reference to Figures 1 
through 4. 

[0028] As shown in the block diagram of Figure 1 , a 
display device of the present embodiment includes a 
CPU (an image data Input section, a discrimination sec- 

<*o tion, and a control data generation section) 1, a liquid 
crystal controller 2 as a display control section, and a 
liquid crystal panel 3 as a capacitive display element. 
The liquid crystal controlled includes a display memory 
4, a signal synchronization circuit (output section) 5, a 

45 display timing generation circuit 6, an image refresh de- 
mand signal generation circuit (refresh rate control sec- 
tion) 7, a data bus 6, and an output control circuit (output 
control section) 9. 

[0029] The following will explain operation of the fore- 
50 going display device with reference to Figure 1 and 4. 
Note that, Figure 4 is a timing chart showing an example 
of signals used for the display device of the present em- 
bodiment. The timing chart shows the case 
where the frame period of an output image signal of the 
ss signal synchronization circuit 5 is 1/60 second, and n = 
1 and m = 1 (n and m will be described later). 
[0030] Firstly, the CPU 1 generates image data of a 
moving image or a still Image which is to be displayed 
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in the liquid crystal panel 3, Here, the CPU 1 generates 
an Image data signal (Image data) S1 which is made up 
of RGB signals for each pixel (dot) of the liquid crystal 
panel 3, and an address signal S11 which indicates an 
address (address In which the RGB signals of each pixel 
is written) of the display memory 4 in lhe liquid crysial 
conLroIler 2, corresponding lo each pixel. Further, the 
CPU 1 sends out the generated Image data signal S1 
and the address signal S11 to the liquid crystal controller 

2. 

[0031] Further, the CPU 1 also sends out a chip se- 
lection signal S12 and a write signal S1 3 to the display 
memory 4. The chip selection signal S1 2 selects one of 
two memory chips in th© display memory 4 for writing 
data. The write signal S1 3 controls ON/OFF of the writ- 
ing operation of the image data signal SI to the display 
memory 4. Further, the CPU 1 activates these chip se- 
lection signal S1 2 and write signal S1 3 when the image 
data signal S1 and the address signal S11 are sent to 
the display memory 4 (the CPU 1 deactivates these sig- 
nals in other cases). Here, the Image data signal S1 and 
the address signal S11 are generated and sent to the 
display memory 4 one frame at a time. 
[0032] The CPU 1 sends The image data signal S1 to 
the display memory 4 at the same lime intervals the im- 
age data signal S1 is generated by the CPU 1. There- 
fore, the time intervals for sending out the image data 
signal SI differs depending on whether the image data 
signal S1 is a stIJI image or a moving image. 
[0033] More specifically, the CPU 1 generates only 
one Image data signal S1 for a single still image. Ac- 
cordingly, for example, in the case of displaying a plu- 
rality ot still images by switching them as In the case of 
a slide show, the image data signal S1 is sent out to the 
display memory 4 aL die lime Intervals the still images 
are switched, in other words, at the time intervals the 
image data signal S1 of the still Image is generated. The 
time intervals for switching still Images are longer than 
the frame period of a moving image. Normally, the time 
Intervals for switching still images are not less than 1 ft 0 
second. Therefore, the time intervals for sending out the 
image data signal Si of the still image from the CPU 1 
to the display memory 4 are also longer than the frame 
period of a moving image, i.e., normally at or longer than 
1/10 second. 

[0034] Meanwhile, the CPU 1 generates the image 
data signal S1 of a moving image one frame at a time 
ataconstant period corresponding to theframefrequen- 
cy of the generated image data signal S1. For example, 
the image data signal Si of a moving Image of 1 5 to 20 
frames per second is generated one frame at a time at 
the intervals of 1/20 second to 1/15 second (15 times to 
20 times per second). Accordingly the image data sig- 
nal S1 of a moving image is sent out from the CPU 1 to 
the display memory 4 at constant intervals correspond- 
ing to the frame frequency of the Image data signal S1 , 
for example, at the intervals of 1/20 second to 1/15 sec- 
ond (15 times to 20 times per second) in the case of an 



image data signal S1 of a moving image of 15 to 20 
frames per second. 

[0035] As described, in the case where the image da- 
ta signal SI is a moving Image, the time intervals for 

* sending out the image data signal S1 from the CPU i 
lo the display memory 4 become shorter Lhan ihe case 
where the image data signal S1 is a sUll image. For ex- 
ample, as shown in Figure 3. the time intervals forsend- 
ing out the image data signal S1 from the CPU 1 to the 

10 display memory 4 are 1/5 second in the case where the 
Image data signal si is a moving image. On the other 
hand, the time intervals for sending out the imago data 
signal S1 from the CPU 1 to the display memory 4 are 
1/15 second in the case where the image data signal S1 

is is a still image. Note that, Figure 3 is a diagram showing 
the number of frames in unit time, in the image data sig- 
nal S1, image signal S4. and Image signal S7. In th© 
figure, a quadrilateral indicates one frame. 
[0036] The CPU 1 discriminates whether the image 

20 data signal SI is a still image or a moving Image based 
on the duration of the time intervals for sending out the 
image data signal S1 from the CPU 1 to the display 
memory 4. More specifically, the CPU 1 judges that the 
image data signal S1 is a still image, when the time in- 

2$ tervals for sending out the image data signal S1 from 
the CPU 1 to the display memory 4 are at or longer than 
a certain time period, and judges that the image data 
signal S 1 is a moving image, when the time intervals for 
sending out the image data signal S1 from the CPU 1 

50 to the display memory 4 are shorter than this time peri- 
od. In the example of Figure 3, whether or not the image 
data signal SI is a still image or a moving Image Is de- 
cided according to whether the Time intervals tor sending 
out the Image data signal S1 from the CPU 1 to the dis- 
ss play memory 4 are at or longer than or shorter than 1/12 
second. 

[0037] Then, the CPU 1 determines the number of im- 
age refresh n and the number of image thin-out (the 
number of non-refreshes) m, according to the result of 

40 discrimination, namely, according to whether the image 
data signal S1 is a still image or a moving image. Note 
that, the number of image refreshes n is the number of 
times an image Is refreshed during a time period in 
which the image signal S4 of one frame (n + m) is out- 

ds putted. The number of image thin-out m is the number 
of times the image signal S4 is thinned out during a time 
period in which the image signal S4 of one frame (n + 
m) is outputted, in other words, the number of (n + m) 
frameperiods of the image signal S4 in which the image 

50 is not refreshed. 

[0038] Further, the CPU 1 generates a control data 
signal (control data) S2 which includes a data signal (an 
image refresh rate data signal S9 described later) Indi- 
cating the number of image refreshes n , and a data slg- 

55 nal (an image thin-out rate data signal S10 described 
later) Indicating the number of image thin-out m. The 
CPU 1 outputs the control data signal S2 to the image 
refresh demand signal generation circuit 7, with the im- 
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age data signal S1. 

[0039] The image data signal S1 outputted from the 
CPU 1 is stored In The display memory 4 via the data 
bus 8. Here, the Image data signal S1 is written on a 
memory chip In the display memory 4 which is specified 
by Lhe chip selection signal S1 2, when the chip selection 
signal S12 and the wrile signal S13 are activated (when 
the Image data signal S1 and the address signal S11 
are sent out from the CPU 1). At this time, the image 
data signal S1 is written on an address of the display 
memory 4 specified by the address signal S11 . with re- 
spect to each pixel signal (RGB signal corresponding to 
a color pixel). 

[0040] Further, the image data signal S1 is written 
(buffered) to the display memory 4 of the liquid controller 
2 at the same time intervals at which the image data 
signal S1 is sent from the CPU 1 to the display memory 
4. Accordingly, the refresh interval of the display mem- 
ory 4 is relatively long., for example, at or longer than 1 
second in the case where the image data signal S1 is a 
still image, and the refresh interval of the display mem- 
ory 4 is relatively short, for example, 1/20 second to 1/15 
second in the case where the image data signal S1 is a 
moving Image. 

[0041] Further, the control signal S2 outputted from 
the CPU 1 is stored in the image refresh demand signal 
generation circuit 7 via the data bus 8. The image data 
signal S1 stored in the display memory 4 is read out as 
the Image data signal (image data) S3 from the display 
memory 4, then is sent out to the signal synchronisation 
circurt5. 

[0042] Note that, Inputting the image data signal S1 
from the CPU 1 to the display memory 4, and sending 
the image daia signal S3 stored in the display memory 
4 to the liquid crystal panel 3, are totally independent 
from each other. Thus, refreshing images in the liquid 
crystal panel 3 is totally independent from writing the 
image data signal S1 from the CPU 1 to the display 
memory 4. For example, when displaying a still image, 
once the image data signal S1 is written on the display 
memory 4, another writing from the CPU 1 to the display 
memory 4 will not be performed until a different image 
is Inputted, in contrast, the image refresh of the liquid 
crystal panel 3 is repeatedly performed at the time in- 
tervals according to the display characteristics of the liq- 
uid crystal panel 3, even when displaying a single still 
image for extended period of time. 
[0043] A clock signal CK1 shown in Figure 4 is exter- 
nally inputted to the display timing generation circuit 6 
of the liquid crystal controller 2. The display timing gen- 
eration circuit 6 generates a display signal SI 5 for driv- 
ing the liquid crystal panel 3, according to the clock sig- 
nal CK1 . The display signal S1 S is a timing signal which 
indicates a timing for outputtlng each frame of the Image 
signal S4, so as to capture the image signal S4 in the 
liquid crystal panel 3 one frame at a time. The display 
signal S1 5 is always outputted per one frame (screen) 
period of the Image signal S4 (described later). The dis- 



play signal S15 Is a periodic signal having the same pe- 
riod (a period of 1/60 second) as a frame period (image 
refresh frequency) of a common moving image (a video 
signal in the NTSC mode). Further, the display timing 

s generation circuit 6 generates a synchronization clock 
signal CK2 for synchronizing the image dala signal S3 
with Lhe display signal S5. The display timing generation 
circuit 6 respectively outputs the display signal S15 to 
the output control circuit 9, and the synchronization 

io clock signal CK2 to the signal synchronization circuit 5, 
at the same period (a period of 1/60 second) as a frame 
period (Image refresh frequency) of a common moving 
image. Note that, the clock signal CK1 and the synchro- 
nizatton clock signal CK2 are identical, and the both are 

is system clocks for driving the liquid crystal controller 2. 
[0044] Further, the display timing generation circuit 6 
outputs a frame end signal SB shown in Figure 4 to the 
image refresh demand signal generation circuit 7, at the 
end of each frame of the display signal $15 (at the end 

20 of each frame of the image signal S4). The frame end 
signal SB Is a signal for informing the end of a frame 
(screen) of the image signal S4, and is outputted when 
the last pixel signal of the image signal S4 of a frame 
(screen) is sent out to the output control circuit 9, 

23 [0045] The signal synchronization circuit 5 buffers the 
image data signal S3 read out from the display memory 
4, and outputs the image data signal S3 according to 
the synchronization clock signal CK2 to the output con- 
trol circuit 9 as the Image signal S4 which has the same 

so frame period (a period of 1/60 second) as the a frame 
period of a common moving image (an video signal in 
the NTSC mode) shown in Figure 4, . The image signal 

54 Is outputted in phase with the display signal S5. Note 
that, the image data signal Si , the image data signal 

& S3, and the image signal S4 are data of R, G, B corre- 
sponding to each pixel of the liquid crystal panel 3, and 
they indicates the same data but are asynchronous. 
[0046] The image refresh demand signal generation 
circuit 7 generates en image refresh demand signal S6 
40 from the control data signal S2 inputted from the CPU 
1 , and the frame end signal S8 outputted from the dis- 
play timing generation circuit 6, and then outputs the im- 
age refresh demand signal S6 to the output control cir- 
cuit 9. As shown in Figure 4, the image refresh demand 
45 signal S 6 is a signal which is active during the image 
refresh period, and is inactive during the image thin-out 
period (non image refresh period). 
[0047] The output control circuit 9 outputs the image 
signal S4 and the display signal S15 only when the im- 
50 age refresh demand signal S6 inputted from the image 
refresh demand signal generation circuit 7 is active (I. 
e., in the image refresh period). As a result, as shown 
in Figure 4, the image signal S7 outputted from the out- 
put control circuit 9 becomes a signal with an image thin- 
gs out period which corresponds to the "image thin»out pe- 
riod of the image signal $4. Further, the display signal 

55 outputted from the output control circuit 9 becomes 
a signal with an image thin-out period which corre- 
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sponds to the Image thin-out period of the display signal 
S15. Consequently, as shown In Figure 4, the display 
signal S5 is active during the image refresh period, and 
Is Inactive during the image thin-out period. 
[0046] In the liquid crystal panel 3, based on the im- s 
age signal S7 and the display signal S5, a driving volL- 
age according lo Lhe image signal S7 is applied lo pixels 
during the period in which the display signal S5 is active 
(image refresh period). Meanwhile, the driving voltage 
Is not applied to pixels during the period In which the 10 
display signal S5 is inactive (imago thin-out period). As 
a result, it becomes poesibleto reduce power consump- 
tion as compared with the case (Figure 8) 
where Image refresh is performed at the time intervals 
(1/60 second) which are the same as the frame period 
of a common moving image, since Che driving voltage is 
not applied to pixels during the image thin-out term. 
[0049] Next, the following will explain an example of 
an arrangement of the image refresh demand signal 
generation circuit 7 in detail, with reference to Figure 2. 20 
[0050] As shown in Figure 2, the image refresh de- 
mand signal generation circuit 7 includes a refresh rate 
setting register 11 , a thin-out rate setting register 12, and 
an image refresh demand judgment circuit (timing in- 
structing section) 13. 2S 
[0051] Firstly, a control data signal S2 which includes 
a data signal (an image refresh rate data signal S9) In- 
dicating the number of image refreshes n, and a data 
signal (an Imagethin-out rate data signal S1 0) indicating 
the number of image thin-out m, is inputted from the 30 
CPU 1 to the Image refresh demand signal generation 
circuit 7 via the data bus 8. 

[0052] Secondly, In the image refresh demand signal 
generation circuit 7, the image refresh rate data signal 
59 and Lhe image Lhin-out rate data signal S10, which 3S 
are included in the control data signal S2, are respec- 
tively stored (set) in the image refresh rate setting reg- 
ister 11 and the thin-out rate setting register 12. These 
data signals S9 and S10 are stored (sot) in the registers 
11 and 12, for example, by latching the signals with a <*o 
system clock, or, by latching the signals at the edge of 
a write clock which has been separately provided. 
[0053] Further, the image refresh rate data signal S9 
and the image thin-out rate data signal S1 0 are inputted 
to the image refresh demand judgment circuit 13. The *b 
image refresh demand judgment circuit 13 determines 
the number of image refreshes n and the number of im- 
age thin-out m according to the values of the image re- 
fresh rate data signal $9 and the Image thin-out rate da- 
ta signal $1 0 (the values sex by the image refresh rate so 
setting register 11 and the lhin-out rate setting register 
12), respectively. The image refresh demand judgment 
circuit 13 has a counter (not shown) for counting the 
frame end signal S8, and the image refresh demand 
Judgment circuit 13 outputs the image refresh demand ss 
signal $6 until the value of the counter matches the 
number of image refreshes n. When the value of the 
counter matches the number of image refreshes n, the 



image refresh demand judgment circuit 13 deactivate 
the image refresh demand signal $6 while resetting the 
counter, and then starts counting the frame end signal 
SB again. The Image refresh demand signal S6 stays 
deactivated until the value of the counter matches the 
number of image Lhin-out m. When the value of the 
counter matches the number of image Ihin-ouL m, Lhe 
image refresh demand judgment circuit 1S resets the 
counter, and then activates the image refresh demand 
signal S6. The Image refresh demand judgment circuit 
13 repeats those procedures so as to periodically acti- 
vate and deactivaie the image refresh demand signal 
S6. Further, the active period of the image refresh de- 
mand signal S6 is equal to n times the period of the 
frame end signal SB, in other words, m times the frame 
period of the image signal S4. Conversely, the inactive 
period of the image refresh demand signal &6 equal to 
m times the period of the frame end signal SB. in other 
words, n times the frame period of the image signal S4. 
[0054] Accordingly, the liquid crystal panel 3 alter- 
nately performs image refresh for the time period equals 
to n times the frame period (1/60 second) of the image 
signal S4, and image non-refresh for the time period 
equals to m times the frame period (1/60 second) of the 
image signal S4. 

[0055] Further, the image refresh demand judgment 
circuit 13 has a mask function which uses an image re- 
fresh demand signal which is always active, and masks 
(deactivates) a portion of the image refresh demand sig- 
nal for a time period which corresponds to the Image 
non-refresh period, so as to generate the image refresh 
demand signal S6 which is active only in part. 
[0056] The following will explain how n and m are set 
when displaying a still Image and when displaying a 
moving image, wiLh reference to Figure 3. 
[0057] Figure 3 is a timing chart showing the frame 
intervals of the image data signal S1 , the Image signal 
S4, and the image signal S7, when displaying a still im- 
age and displaying a moving image. As shown in Figure 
3, the number of refreshes of the display memory (the 
number of times the image data signal S1 of one frame 
is sent) is one, when displaying a still image. 
[0058] in the present embodiment, n and m when dis- 
playing a still image and n and m when displaying mov- 
ing image are set so that n/m when displaying a still im- 
age is smaller than n/m when displaying a moving im- 
age. In the example of Figure 3, n = 2, and m = 4 when 
displaying a still image, and n = 2, and m = 2 when dis- 
playing a still image. 

[0059] Thus, the number of image refreshes in unit 
time when displaying a still image Is smaller than the 
number of image refreshes in unit time when displaying 
a moving image. In Figure 3. the number of image re- 
freshes in unit time when displaying a moving image is 
30, whereas the number of image refreshes in unit time 
when displaying a still image is 20. This prevents extra 
power consumption due to unnecessary image refresh- 
es when displaying a still image, thereby reducing power 
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consumption. 

[0060] Further, it Is desirable to make the image re- 
fresh intervals of the liquid crystal panel 3 when display- 
ing a still image as long as possible to reduce power 
consumption; however, there is an upper time limit that & 
the liquid crystal panel 3 can hold the image. Namely, il 
is required Lo perform the image refresh of the liquid 
crystal panel 3 according to th© image holding charac- 
teristics (a rate at which charge escapes) of the liquid 
crystal panel 3. Forexample, in order to keep displaying 
a single still image, it is required to perform the image 
refresh (applying a driving voltage) by repeatedly send- 
ing out the same image signal to the liquid crystal panel 
3 at the Intervals longer than a certain time period (Im- 
age holding time). Therefore, the upper limit of the Im- * 5 
age refresh should be determined according to the im- 
age holding characteristic of the liquid crystal panel 3 so 
that it becomes shorter than the image holding time of 
the liquid crystal panel 3. In one example of the liquid 
crystal panel 3 which is commercially available, the im- 2° 
age holding time is about 1 /20 second. However, a liquid 
crystal panel 3 which is currently under development 
holds promise of improving the Image holding time to 
about 1/5 second. 

[0061] Considering the facts described, in the forego- * zs 
ing liquid crystal panel 3 which is commercially availa- 
ble, n and m should respectively be set to about n = 1 
and m m 2 when displaying a still image, assuming that 
the frame period of the image signal S4 is 1/60 second 
(60 frames per second). By thus setting n and m T the 30 
Image refresh rate when displaying a still image be- 
comes three times the frame period of the image signal 
S4, I.e., about 1/20 second. Thus, the image signal S4 
of a still Image can be thinned out to 1/3, and the image 
rerresh rate when displaying a still image becomes 20 35 
times per second. Further, in the liquid crystal panel 3 
whose image holdi ng time is 1 /5 second, n and rn should 
be set to about n = 1 and m = 11 when displaying a still 
image, assuming that the frame period of the Image sig- 
nal S4 Is 1/60 second (60 frames per second). By thus *Q 
setting n and m, the image refresh interval when dis- 
playing a still image becomes twelve times the frame 
period of the Image signal S4, i.e., about 1/5 second. 
Thus, the Image signal $4 of a still image can be thinned 
out to 1/12, and the image refresh rate when displaying *$ 
a still image becomes 5 times per second. 
[0062] On the other hand, it is desirable to make the 
image refresh intervals of the liquid crystal panel 3 when 
' displaying a movl ng image as long as, possible to reduce 
power consumption; however, for a smooth display of so 
the moving image, the intervals should be more desira- 
bly shorter than the frame period of the image data sig- 
nal S1 which is sent out from the CPU 1 to the display 
memory 4. In order to meet this condition, the image re- 
fresh interval when displaying a moving image is re- 55 
quired to be no longer than 1/20 to 1/1 S second, when 
the frame period of the image data signal S1 which is 
sent out from the CPU 1 to the display memory 4 is 1/20 
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to 1/15 second (15 to 20 frames per second). 
[0063] Considering the facts described, in the forego- 
ing liquid crystal panel 3 which is commercially availa- 
ble, n and m should respectively be set to about n = 1 
and m = 2 when displaying a moving image (however, 
n/rn must be greater than the case of displaying a still 
image), assuming that the frame period of the image sig- 
nal S4 is 1/60 second (60 frames per second). By thus 
setting n and m, the image refresh interval when dis- 
playing a moving image becomes three times the frame 
period of the Image signal 54, i.e., about 1/20 second. 
Thus, the Image signal S4 of a moving Image can be 
thinned out to 1/3, and the Image refresh rate when dis- 
playing a moving image becomes 20 times per second. 
[0064] Further, in order to suppress flicker of the dis- 
played image of the liquid crystal panel 3, it is further 
preferable that plural times of refreshes are performed 
one after another in the both cases of displaying a mov- 
ing image and displaying a still image. Namely, n should 
be not less than 2. Thus, as an example, it Is further 
preferable that the number of image refreshes n is set 
to 2 or 3, and the number of image thin-out m Is set to 
about 5. 

[0065] Note that, unlike the conventional display de- 
vice shown in Figure 7, the display device of the present 
embodiment does not change the image refresh fre- 
quency of the liquid crystal panel 1 03 by changing the 
frequencies of the image signal S104 and the display 
signal S106 which are outputted from the liquid crystal 
controller 1 02 to the liquid crystal panel 1 03. The display 
device of the present embodiment can change the im- 
age refresh frequency of the liquid crystal panel 3 by the 
CPU 1 In a structure of the liquid crystal controller 2 In- 
cluding: 

the refresh rate setting register 11 and the thin-out 
rate setting register 1 2 which are accessible from 
the CPU 1 ; 

the image refresh demand judgment circuit 13 for 
generating the Image refresh demand signal S6 
which becomes active only during the image refresh 
period, according to the frame end signal SB which 
is periodically generated according to the number 
of image refreshes n and the number of image thin- 
out m which are set by the registers 1 1 and 12, re- 
spectively; and 

the output control circuit 9 which enables/disables 
the output of the image signal 54 to the liquid crystal 
panel 3 based on the Image refresh demand signal 
S6. 

[0066] Further, as described in the embodiment 
above, the CPU 1 has a function for discriminating 
whether the image data signal Si is a moving Image or 
a still image. However, this function can be included in 
the liquid crystal controller 2. Namely, it Is possible to 
discriminate whether the image data signal S1 is a mov- 
ing image or a still image by the liquid crystal controller 
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2 based on transfer intervals (time intervals for refresh* 
ing images) of the image data signal S1 when It is trans- 
ferred from the CPU 1 to the display memory 4. 

[SECOND EMBODIMENT] ^ 5 

[0067] The following will explain another embodiment 
of the present invention with reference to Figure 5 and 
Figure 6. For ease of explanation! components having 
the same functions as those shown in the drawings per- 
taining to the first embodiment above will be given the 
same reference symbols, and explanation thoreof will 
be omitted here. 

[0068] A liquid crystal display of the present embodi- 
ment has the same arrangement as that of the first em- 
bodiment, except for an image refresh demand signal 
generation circuit 17 which is provided as an image re- 
fresh rale control section, instead of the image refresh 
demand signal generation circuit 7. As shown in Figure 
5, the image refresh demand signal generation circuit 
17 further Includes a mode switching signal generation 
circuit (operation control section) 14, and an ON/OFF 
switch 15 (operation control section) for switching on/off 
the operation of the image refresh demand judgment cir- 
cuit 13, in addition to the functions of the image refresh 
demand signal generation circuit 7. 
[0069] The mode switching signal generation circuit 

14 switches off the ON/OFF switch 15 when the ratio 
(rn/n) between the number of image thin-out m and the 
number of image refreshes n is at or smallerthan a pre- 
determined value, and switches on the ON/OFF switch 

15 when the ratio (m/n) between the number of image 
thin-out m and the number of image refreshes n is great- 
er than the predetermined value, based on at least either 
one of the number or image thin-out m set by the image 
thin-out rate data signal S10, or the number of image 
refreshes n set by an image refresh rate data signal S9. 
With this function, the image refresh demand Judgment 
circuit 13 stops operating when the ratio (m/n) between 
the number of Image thin-out m and the number of im- 
age refreshes n is at or smaller than the predetermined 
value, and the image refresh demand judgment circuit 
13 starts operating when the ratio (m/n) between the 
number of image thin-out m and the number of image 
refreshes n is greater than the predetermined value. 
[0070] In the example of Figure 5. the mode switching 
signal generation circuit 14 stops the operation of the 
Image refresh demand Judgment circuit 13 when the ra- 
tio (m/n) between the number of image thin-out m and 
the number of image refreshes n is 0, and starts the op- 
eration of the image refresh demand judgment circuit 1 3 
when the ratio (m/n) between the number of image thin- 
out m and the number of image refreshes n is not 0. In 
this case, regardless of the value of the numberof image 
refreshes n, the ratio (m/n) between the number of im- 
age thin-out m and the numberof image refreshes n will 
always be 0 as long as the number of image thin-out m 
is 0. Accordingly, in the example of Figure 5, the mode 



switching signal generation circuit 14 controls the oper- 
ation of the image refresh demand judgment circuit 13 
based on only the number of Image thin-out m set by 
the refresh rat© seiting register 11, 
[0071] With the foregoing arrangement, ft becomes 
possible Lo operate the liquid crystal controller 2 in two 
modes by switching the modes. Namely, the liquid crys- 
tal controller 2 stops the operation of the image refresh 
demand judgment circuit 13 when the ratio (m/n) be- 
tween the number of Image thin-out m and the number 
of image refreshes n is at or smaller than a predeter- 
mined value, and outputs the image signal £4 directly 
to the liquid crystal panel 3 so as to operate in a mode 
(normal refresh mode) in which images of the liquid crys- 
tal panel 3 are refreshed at normal refresh intervals 
(1/60 second). On the other hand, the liquid crystal con- 
troller 2 starts the operation of the image refresh de- 
mand judgment circuit 13 when the ratio (m/n) between 
the number of image thin-out m and the numberof im- 
age refreshes n is greater than the predetermined value, 
and thins out the image signal S4, so as to operate in a 
mode (refresh interval thin-out mode) in which images 
of the liquid crystal panel 3 are refreshed at refresh in- 
tervals which are longer than ihe normal refresh inter- 
vals. 

[0072] Figure 6 is a timing chart of the normal refresh 
mode and the refresh Interval thin-out mode, which are 
switched between still Image display and moving image 
display. In this case, the number of image thin-out m is 
set to 0, and the number of image refreshes n Is set to 
1 when displaying the moving image. Also, the number 
of image thin-out m Is Set to 4, and the number of image 
refreshes n is set to 2 when displaying the still image. 
[0073] In the case above, since the number of image 
ihln-oul m is set to 0 when displaying a moving image, 
the mode switching signal generation circuit 14 stops 
the operation of the image refresh demand Judgment cir- 
cuit 13, and switches the mode to the normal refresh 
mode. As described, the image refresh demand judg- 
ment circuit 13 has the function (masking function) of 
masking the image non-refresh period of an image re- 
fresh demand signal which te always active. Therefore, 
this mask function does not work while the operation of 
the image refresh demand judgment circuit 13 is 
stopped, and the image refresh demand constantly aris- 
es. Namely, the image refresh demand signal S6 is al- 
ways active while the operation of the image refresh de- 
mand judgment circuit 1 3 is stopped. Consequently, the 
image signal S4 is constantly outputted in the normal 
refresh mode. 

[0074] On the other hand, since the number of image 
. thin-out m is set to 4 when displaying a still image, the 
mode switching signal generation circuit 14 starts the 
operation of the Image refresh demand judgment circuit 
13, and switches the mode to the refresh interval thin- 
out mode. In the refresh Interval thin-out mode, the im- 
age refresh demand judgment circuit 13 masks the im- 
age non-refresh period of an image refresh demand sig- 
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nai which is always active, as with the first embodiment. 
[0075] In this manner, unnecessary operation of the 
image refresh demand judgment circuit 13 can be pre- 
vented when the number of image thin-out m is set to 0, 
thereby reducing power consumption. 
[0076] Normally, the value is externally set by using 
the ON/OFF switch 1 5 as a register; however, il can also 
be set by the mode switching signal generation circuit 
14 which controls the ON/OFF switch 15 according to 
the value of the thin-out rate setting register 12. In this 
way, an extra register will not bo required. 
[0077] Note that, in the example of Figure 5. the op- 
eration of the Image refresh demand judgment circuit 13 
is controlled based on only the number of image thin- 
out m; however, provided that the operation of the image 
refresh demand judgment circuit 13 according to a 
change of the ratio between the number of image thin- 
out m and the number of image refreshes n can be con- 
trolled, the operation of the image refresh demand judg- 
ment circuit 13 may be controlled based on other infor- 
mation. Namely, the operation of the image refresh de- 
mand judgment circuit 13 can be controlled based on 
only the number of image refreshes n. or based on both 
the number of image thin-out m and the number of im- 
age refreshes n. 

[0078] A display device of the present invention pref- 
erably includes: 

an output section which outputs an image signal for 
refreshing the images displayed in a capacitive dis- 
play element at certain intervals; 
an output control section which transfers the image 
signal outputted from the output section to the ca- 
pacitive display element while thinning out a part of 
the image signal; 

a control data generation section which generates 
control data which indicates integer values m and n 
of an Integer ratio m/n which is a ratio between the 
number of thin-out the image signal and the number 
of transfers of the image signal (number of thin-out/ 
number of transfers) in the output control section; 
and 

a timing instructing section which instructs the 
transfer timing of the image signal to the output con- 
trol section according to the control data, wherein 
the control data generation section generates the 
control data so as to ch an ge the integer ratio, based 
on a result of discrimination by the discrimination 
section. 

[0079] With the foregoing arrangement, it becomes 
possible to further reduce power consumption of the en- 
tire display device, because the output control section 
thins out the image signal of certain time intervals (for 
example, an image signal of a moving image having a 
frame period of 1/60 second as with a common televi- 
sion video signal), and varies the ratio (number of thin- 
out/number of transfers) for thinning out the image sig- 
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nai varies depending on the type of the image data. Fur- 
ther, with the foregoing arrangement, since the transfer 
timing of the image signal is varied, It becomes possible 
to freely control the image refresh timing compared with 
s the case of changing the frequency of the transferred 
image signal. Thus, it is possible to refresh images one 
alter another plural times, for example, so as lo sup- 
press flicker of the displayed image of the display ele- 
ment. 

10 [0080] Note that, the output section, the output control 
section, and the timing instructing section in the forego- 
ing arrangement can be realized by a liquid crystal con- 
troller including a memory for holding image data and a 
circuit section for setting a rate of sending outthe image 

is data (Image refresh rate) from the memory to the capac- 
itive display element. 

[0081] In the display device having the foregoing ar- 
rangement, it is preferable that the refresh rate control 
section further includes an operation control section 

20 which stops operation of the timing instructing section 
when the integer ratio m/n is not more than a predeter- 
mined value, according to at least either the integral val- 
ue m or n, so as to directly transfer an Image signal out- 
putted from the output section to the capacitive display 

2s element. Namely, it is preferable that the refresh rate 
control section further includes an operation control sec- 
tion which switches to a mode in which the operation of 
the timing instructing section is stopped and images are 
refreshed at normal refresh intervals according to the 

30 image signal outputted from the output section, from a 
mode in which images are refreshed at a slower image 
refresh rate by thinning outthe image signal outputted 
from the output section according to at feast either one 
of the Integral values m and n, when the integral ratio 

35 m/n is not more than a predetermined value. 

[0082] In the display device of the present Invention, 
when the Integer value m/n is small, in other words, the 
ratio to thin outthe image signal is low, the reduction of 
power consumption by thinning outthe image signal be- 

40 comes relatively low. Consequently, the power con- 
sumed by operating of the timing instructing section will 
be larger than the reduction, and power consumption of 
the entire display device will possibly increase, oppos- 
ing the Intention. 

45 [0083] The operation control section stops the opera- 
tion of the timing instructing section, and directly trans- 
fers the image signal outputted from the output section 
to the capacitive display element when the ratio for thin- 
ning out the image signal is small as in the case above. 

50 This makes it possible to prevent an increase of power 
consumption of the entire device caused by the opera- 
tion of the timing instructing section, thereby further re- 
ducing power consumption of the entire device. 
[0084] Note that, it is preferable that the display con- 

55 trol section Includes a storage section for storing the Im- 
age data so as to individually and arbitrarily control input 
Intervals and output intervals of the Image data. 
[0065] Further, jt is preferable that the refresh rate 
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control section sets the image refresh rate in the capao 
itive display element higher than the number of frames 
of the image data, for a smooth display of a moving im- 
age. 

[0086] Further, It Is preferable that the refresh rate 
control section seLs the image refresh rale as low as 
possible wilhin a range LhaL the capacitive display ele- 
ment can hold the display image, when the image data 
is recognized as a still image. Namely, it is preferable 
that the image refresh interval when the image data is 
a still imago is set to the highest value at which the ca- 
pacitive display element can hold the display image 
without problems, according to the image holding char- 
acteristics (data holding characteristics) of the capaci- 
tive display element. 

[0087] Further, it is further preferable that the refresh 
rate control section refreshes images one after another 
for plural times in displaying bom a moving image and 
a still image so as to suppress flicker of the displayed 
image of the display element. Accordingly, in the ar- 
rangement including the control data generation section 
which generates control data indicating the integer val- 
ues m and n, it is preferable that n is not less than 2 and 
the output control section thins out the image data m 
times and transfers the image data n times alternately. 
[0088] Note that, the capacitive display element is not 
limited to a liquid crystal display element. Any display 
elements (capacitlve^dlsplay elements), made up of pix- 
els having a capacitive load,* and capable of holding a 
displayed image for a certain period of time without ap- 
plying a voltage to the pixels, can be adopted. 
[0089] The embodiments and concrete examples of 
implementation discussed In the foregoing detailed ex- 
planation serve solely to Illustrate the technical details 
or the present invention, which should not be narrowly 
interpreted within the limits of such embodiments and 
concrete examples, but rather may be applied in many 
variations within the spirit of the present Invention, pro- 
vided such variations do not exceed the scope of the 
patent claims set forth below. 



control section (2); and 

a refresh rate control section (7, 17) which 
changes an image refresh rate of the image in 
the capacitive display element (3), according to 
s a resuli of discrimination by the discrimination 

section (1). 

2. The display device set forth in claim 1 , wherein: 

fo the discrimination section (1) discriminates 

whether the image data (S1 , S3) is a still imago 
or a moving image based on the Input interval 
of the image data (S1 , S3) from the image data 
input section (1) to the display control section 

« (2). 

3. The display device set forth in claim 1 or 2, 
wherein: 

20 the discrimination section (1) discriminates the 

image data (SI , S3) as a still image when the 
input interval is equal to or longer than a pre- 
determined interval and the discrimination sec- 
tion (1) discriminates the Image data (S1, S3) 

25 as a moving image when the input interval Is 

shorter than the predetermined Interval. 

4. The display device set forth in claim 2 or 3, 
wherein: 

$o 

the refresh rate control section (7, 1 7) is adopt- 
ed so that, when the image data (S1 , S3) Is dis- 
criminated as a moving image by The discrimi- 
nation section (1), the Image refresh rate of the 
& capacitive display element (3) becomes equal 

to or greater than an input rate of the Image da- 
ta (S1 , S3) from the image data input section 
(1) to the display control section (2). 

40 5. The display device set forth in claim 2 and 3, or 4, 
wherein: 



Claims 

1. A display device comprising: 

a capacitive display element (3) which displays 
an image; 

a display control section (2) which refreshes an 
image displayed in the capacitive display ele- 
ment (3) according to image data (S1 , S3); 
an image data input section (1) which inputs the 
image data (S1 . S3) to the display control sec- 
tion (2); 

a discrimination section (1 ) which discriminates 
a type of the image data (S1 , S3) based on an 
input interval of the image data (S1 , S3) from 
the image data input section (1) to the display 



the refresh rate control section (7, 17) deter- 
mines the image refresh rate of the capacitive 
4? display element (3) based on an Image holding 

characteristic of the capacitive display element 
(3) for holding the displayed image, when the 
image data (S1 . S3) is discriminated as a still 
image by the discrimination section (1). 

50 

5. The display device set forth in claim 1 , comprising: 

an output section (5) which outputs an image 
signal ($4, S7> for refreshing the images dis- 
ss played in the capacitive display element (3) at 
certain intervals; 

an output control section (9) which transfers the 
image signal (S4, S7) outputted from the output 
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section (5) to the capacitive display element (3) 
while thinning out parr of the Image signal (S4, 
S7); and 

a control data generation section (1 ) which gen- 
erates conirol data (S2) which indicates integer 
values m and n of an integer ratio m/n which is 
a ratio between a number of thin-out of the im- 
age signal (S4, S7) and a number of transfers 
of the image signal (S4, S7), in the output con- 
trol section (9), based on a result of discrimina- 
tion by the discrimination section (1), 

wherein: 

the refresh rate control section (7, 17) compris- 
ing a timing instructing section (13) which in- 
structs atransfertiming of the image signal (S4, 
ST) to the output control section (9) according 
to the control data (S2). 

7. The display device sei forth in claim 6, wherein: 

the output control section (9) transfers and 
thins out the image signal (S4, S7) in such a 
manner that an image transfer period and an 
image thin-out period are provided alternately. 

8. The display device set forth in claim 6 or 7, 
wherein: 

the refresh rate control section (7, 17) transfers 
the image signal (S4, S7) one after another 2 
times or more. 

9. The display device set Forth in claim 6 and 7, or 8, 
wherein: 

the timing instructing section (13) outputs an 
image refresh demand signal (S6) to the output 
control section (9) based on the control data 
(S2), and 

the Image refresh demand signal (S6) becomes 
active when the image signal (S4, S7) is trans- 
ferred, and becomes inactive when the image 
signal (S4, S7) is thinned out. 

10. The display device setforth in claim 9, wherein: 

a driving voltage is applied to the cap acitive dis- 
play element (3) when the image refresh de- 
mand signal (S6) is active, and a driving voltage 
Is not applied to the capacitive display element 
(3) when the image refresh demand signal (S6) 
Is inactive. 

11. The display device set forth in claim 9 or 1 0 # 
wherein: 



the timing instructing section (13) outputs an 
active image refresh demand signal (S6). 

12. The display device set forth in claim 11 . wherein: 

5 

the timing instructing section (13) has a mask 
function which masks the active image refresh 
demand signal (S6). 

10 13. The display device set forth in one of claims 1 
through 1 2, wherein: 
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the display control section (2) comprises a stor- 
age section (4) for storing the image data (Si . 
S3). 

14. The display device set forth in claim 13, wherein: 

the display control section (2) independently 
controls the input interval and an output interval 
of the image data (S1 , S3). 

15. The display device set forth in one of claims 6 
through 14 wherein: 

the refresh rate control section (7, 17) further 
comprises an operation control section (14, 1 5) 
which stops operation of the timing instructing 
section (1 3), based on at least either one of the 
integer values m and n when the Integer ratio 
m/n is at orsmallerthan a predetermined value, 
so as to directly transfer the image signal ($4, 
S7) outpurted from the output section (5) to the 
capaciirve display element (3). 

16. The display device setforth In claim 15, wherein: 

the refresh rate control section (7, 1 7) starts op- 
eration of the timing instructing section (13) ac- 
cording to the operation control section (14, 15) 
when the integer ratio m/n is greater than the 
predetermined value, so as to thin out the im- 
age signal (S4, S7). 

17. A method of controlling a capacitive display element 
for image display, said method comprising control- 
ling said display element to perform image display 
in accordance with input image data, and including 
varying the frequency at which image refresh in the 
display image is executed, the variation being in ac- 
cordance with the result of a discrimination as to the 
type of the image data based on an input interval of 
the image data. 
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(54) Display device 



(57) The invention provides a display device which 
is capable of adjusting the Image refresh rate to an op- 
timal value regardless of the type of image daia, and 
thus has low power consumption. The display device in- 
cludes a liquid crystal panel for displaying images, a liq- 
uid crystal controller for refreshing Images displayed In 
the liquid crystal panel according to an image data sig- 
nal, and a CPU for Inputting the image data signal to the 



liquid crystal controller, in the display device, the CPU 
has a discrimination section For discriminating whether 
the image data is a moving image or a still image based 
on an input interval of the image data from the CPU to 
the liquid crystal controller, andthe liquid crystal control- 
ler has an image refresh demand signal generation cir- 
cuit for changing the image refrosh rate of the liquid crys- 
tal panel based on the result of discrimination by the 
CPU. 
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